Design, setting, participants, & measurements: This was an online, prospective entry into the IPPR of data that pertain to peritonitis cases by participating centers.
R elapsing peritonitis (RP), defined as the recurrence of peritonitis with the identical organism within 4 weeks of treatment of a primary episode of peritonitis, can be particularly difficult to treat and often leads to catheter removal, loss of peritoneal membrane function, and limitation of future dialysis options (1, 2) . Despite the critical importance of repeated peritonitis episodes for peritoneal dialysis (PD) outcomes, very few pediatric studies have addressed the clinical features, microbiology, predictive factors, and outcomes that are associated with RP in children who undergo PD (3) .
The International Pediatric Peritonitis Registry (IPPR) is a global consortium that is composed of 47 pediatric centers from 14 countries (see Acknowledgments) (4 -5) . In this report, we present the IPPR results that pertain to RP.
Materials and Methods

Method of Data Collection
Anonymized data input was performed exclusively via an Internetbased web platform (http://www.peritonitis.org). Data that pertained to basic patient and PD modality characteristics, clinical presentation with peritonitis, microbiological results, empiric treatment and its subsequent modifications, clinical treatment response, and final outcomes were submitted sequentially along the course of a peritonitis episode. The data were automatically checked for accuracy and completeness as described in the previous reports of the IPPR (4). The registry protocol was approved by the ethical committees/institutional review boards at each participating center.
Definitions
Peritonitis. Peritonitis was defined by the presence of (1) cloudy effluent, (2) an effluent cell count of Ն100 cells/l, and (3) Ն50% polymorphonuclear cells in the differential cell count.
Catheter Exit-Site Appearance. Catheter exit-site appearance was characterized according to a standardized scoring system on the basis of the presence and severity of swelling, crust, redness, pain on pressure, and discharge (6) .
Treatment of Peritonitis. Treatment of peritonitis was characterized as being conducted in accordance with the International Society for Peritoneal Dialysis (ISPD) guidelines (7) when (1) diagnostic criteria for peritonitis were fulfilled and/or an organism was grown on culture, (2) the patient was assessed for the presence of the peritonitis risk factors defined by the ISPD guidelines, and (3) empiric treatment was initiated according to the recommendations of the guidelines (i.e., with either a first-generation cephalosporin and ceftazidime or with a glycopeptide [vancomycin or teicoplanin] and ceftazidime). It was not necessary, however, to initiate treatment according to the recommended risk stratification of therapy described in the guidelines. Antibiotic therapy was intended to be modified in accordance with the results of the dialysate culture and sensitivity testing.
Disease Severity Score. The patient's clinical status was evaluated by a disease severity score (DSS; 0 to 5), defined by the sum of points for pain (0, no pain; 1, moderate pain or nausea not requiring specific therapy; 2, severe pain, usually requiring analgesic therapy, or vomiting; or 3, peritonitic pain with tense abdomen and/or paralytic bowel) and fever (0, Ͻ37.5°C; 1, 37.5 to 38.9°C; or 2, Ͼ38.9°C). The body temperature at start of treatment and the maximum body temperature recorded at 48 to 60 hours and at 156 to 168 hours after start of treatment were used to calculate DSS on days 0, 3, and 7 of treatment, respectively (6) .
Early Treatment Response. Early treatment response was defined as the clinical response of the patient 72 hours after treatment initiation. The response was considered satisfactory when the DSS was Յ2 at 72 hours after the start of empiric antibiotic therapy and the effluent cloudiness had improved.
Late Treatment Response. Late treatment response (final outcome) was characterized, 4 weeks after treatment initiation, by the presence or absence of ultrafiltration problems, adhesions, uncontrolled infection, secondary fungal peritonitis, need for catheter exchange, general therapy failure, and full functional recovery. Full functional recovery was assumed when PD was continued without functional impairment, irrespective of whether a relapse occurred or a catheter exchange was necessary.
Peritonitis Relapse. Peritonitis relapse was defined as recurrence of peritonitis with the same organism (defined by biochemical differentiation and resistogram or the occurrence of two episodes remaining sterile) within 4 weeks after termination of antibiotic treatment. Antibiotic resistograms accompanied most but not all positive cultures. Some resistograms included equivalence assumptions (e.g., Gram-negative organisms regarded as resistant to glycopeptides, clindamycin, and rifampin; enterococci regarded as resistant to cephalosporins).
Statistical Analysis
Differences in group means were assessed by ANOVA followed by Student-Newman-Keuls tests. Differences in proportions were assessed using 2 tests or z-test with Yates correction factor where appropriate.
The potential effect of patient characteristics, initial presentation, culture results, and treatment modalities on the relative risk for adverse treatment outcomes (3-day treatment failure, incomplete 4-week functional recovery, catheter exchange) was assessed by univariate and multivariate logistic regression analysis, calculating odds ratios and 95% confidence intervals.
Results
Patients and Peritonitis Episodes
Between October 2001 and December 2004, data on 392 pediatric patients who were aged 1 month to 22 years (median 9.8 years), each of whom experienced one or more episodes of peritonitis while receiving long-term PD, were entered into the database. Data from both incident and prevalent patients were included. For these patients, a total of 548 episodes of peritonitis were recorded (mean 1.4 Ϯ 0.8 episodes per patient; 54% male). Of the 548 peritonitis episodes, 501 (91%) met the criteria for an episode that was treated according to the ISPD guidelines and were included in the analyses. Ten (2%) of the 501 qualifying episodes were cases of fungal peritonitis and were excluded from further analyses that are presented in this article unless stated otherwise. One additional episode of peritonitis was excluded from this analysis because information regarding relapse was not available. Of the remaining 490 episodes of peritonitis, 52 (11%) were followed by one or several RP episodes ( Figure 1 ).
Patient characteristics in RP and non-RP episodes are listed in Table 1 . Patients with RP were significantly older than those who did not experience RP and had a higher frequency of single-cuff catheters. Forty-two patients who experienced RP Figure 1 . Registry profile. Selection of cases for analysis and breakdown of relapsing and non-relapsing cases. did so one time only, whereas seven patients had two RP episodes after the primary infection, two patients had three subsequent episodes, and one patient experienced four episodes of RP after the primary infection.
Bacterial Cause and Clinical Features
RP was observed in 24 (11%) of 219 Gram-positive, 11 (9.2%) of 120 Gram-negative, and 17 (11.3%) of 151 culture-negative episodes. As in the total registry population, Staphylococcus organisms accounted for the greatest number of positive cultures, with S. aureus accounting for 21% and coagulase-negative Staphylococcus organisms accounting for 13% of episodes of RP. Overall, RP episodes consisted of 46% Gram-positive organisms, 21% Gramnegative organisms, and 33% culture-negative cases. There was no significant difference in the distribution of causative organisms in cases of RP compared with non-RP episodes (Table 2) .
There were no significant differences in clinical features (severe abdominal pain, temperature Ͼ38°C, marked effluent cloudiness, effluent cell count, percentage of effluent neutrophils, and DSS) at presentation among the peritonitis cause groups (Gram-positive, Gram-negative, and culture-negative) for RP compared with non-RP. For the RP only, temperature Ͼ38°C was significantly less common with culture-negative (P ϭ 0.03) and effluent cell count was higher with Gramnegative episodes (P ϭ 0.01).
Empiric and Final Antibiotic Therapy of Initial Peritonitis Episode
The initial choice of antibiotics (ceftazidime and first-generation cephalosporin, or ceftazidime and a glycopeptide) did not differ significantly between RP and non-RP episodes (P ϭ 0.94). The two recommended empiric regimens were used with equal frequency in both RP and non-RP episodes. RP and non-RP episodes did not differ with respect to the in vitro sensitivities of their causative organisms to the antibiotics and their combinations used for empiric treatment (P Ͼ 0.05).
There was no significant difference in satisfactory early treatment response rate (DSS Յ2) between RP and non-RP Grampositive and Gram-negative cases for each of the two empiric antibiotic treatment regimens (P Ͼ 0.05); however, among culture-negative cases, a significantly higher rate of early treatment response failure (DSS Ͼ2) was noted for RP episodes (18%) than for non-RP episodes (2.2%; P ϭ 0.002).
Antibiotic therapy was modified after 3 to 4 days as indicated on the basis of the early clinical response and culture results. The analysis of the final therapies that were administered in RP and non-RP allowed calculation of the percentage of episodes followed by a relapse upon completion of various postempiric antibiotic therapies (Table 3 ). The relapse rate was highest with borderline significance (P ϭ 0.07) for episodes in which antibiotic therapy was switched to monotherapy with a first-generation cephalosporin. When all episodes in which patients were switched to antibiotic monotherapies on the basis of in vitro efficacy results were compared, peritonitis relapsed significantly more frequently after final monotherapy with a firstgeneration cephalosporin (23%) than in patients who received a glycopeptide, ceftazidime, or an aminoglycoside as monotherapy (0 to 9%; P ϭ 0.02; Table 4 ).
Additional Factors that Affect the Risk for RP
By univariate analysis, increasing patient age (P ϭ 0.0004); the use of systemic antibiotic prophylaxis, usually administered to prevent urinary tract infections (P ϭ 0.007); nonsterile exitsite care (P ϭ 0.009); a downward-pointing exit site (P ϭ 0.011); and the presence of a single-cuff Tenckhoff catheter (P ϭ 0.026) were associated with an increased relapse risk. In the multivariate analysis, the effect of the exit-site care technique was not confirmed, whereas the single-cuff catheter (P ϭ 0.0003), the downward-pointing exit site (P ϭ 0.001), and the use of systemic antibiotic prophylaxis (P ϭ 0.028) remained significant risk factors. The multivariate correction for these conditions reversed older patient age from a risk factor into a highly significant protective factor (P Ͻ 0.0001).
Factors that were found to have no predictive value in development of RP included concomitant colonization of the exit site with the organism that caused the peritonitis, the exit-site score, the presence or absence of exit-site granuloma, the DSS at day 0 or 3, the use of catheters with curled versus straight tips, and individual center effects. The mean number of patients per center did not differ significantly between RP and non-RP (P ϭ 0.3062) and was not a significant predictor of RP (P ϭ 0.3066).
Final Outcome
The final outcomes of the 52 episodes of RP are compared with those of the non-RP episodes in Table 5 . In RP, full functional recovery of PD was achieved significantly less frequently and ultrafiltration problems and permanent PD discontinuation occurred more commonly than in non-RP episodes. There were no significant differences between RP and non-RP cases regarding abdominal adhesions, persistent infection, secondary fungal infection, or general therapy failure. There were two (4%) patient deaths in the RP group and three (0.7%) deaths in the non-RP group (P ϭ 0.17).
Discussion
The rate of relapse in our study is consistent with previously reported rates of RP in the range of 8 to 21% of primary cases (6, 8, 9) . We found no significant difference in the spectrum of causative organisms in RP and non-RP episodes. In RP, S. aureus occurred more frequently (21%) than coagulase-negative Staphylococcus (11.5%). This is at variance with previous stud- ies, which reported a higher rate of coagulase-negative Staphylococcus than S. aureus (1, 3, 4, 10) . Whereas the rate of S. aureus carriage was 25% in RP compared with 15% in non-RP cases, this difference did not reach statistical significance (P ϭ 0.11; Table 1 ). Our percentages of Gram-negative (21%) and culturenegative (33%) RP cases also were higher than those reported in the few studies that listed all bacterial causes of RP compared with non-RP or primary cases (1, 6, 8) . It is possible that some of the culture-negative cases represent failure in specimen acquisition or laboratory culture techniques, which also might account for the differences in bacterial causes between our study and previous reports (4). Follow-up peritoneal fluid cell counts and cultures were not required at the end of treatment of peritonitis episodes. We cannot demonstrate, by culture, resolution or persistence of infection before episodes defined as RP cases; however, it is unlikely that there would be clinical resolution of peritonitis 4 weeks after diagnosis if infection persisted.
Notably, culture-negative peritonitis episodes followed by RP were less likely to have a satisfactory initial clinical response than non-RP episodes (82 versus 97.8%; P ϭ 0.002). It is possible that infections that arise from loci that are poorly accessible to antibiotics, such as the catheter tunnel, fibrin clots, or biofilm in the catheter surface, may predispose to a poor initial treatment response and an increased likelihood of recurrence despite a low yield of organisms from bacterial culture.
The choice of initial empiric therapy did not affect the likelihood of a relapse; however, a significantly higher relapse rate (23%) occurred when patients were switched to monotherapy with a first-generation cephalosporin on the basis of the culture and in vitro sensitivity results when compared with other final mono-or combination therapies. It is possible that organisms that are responsible for recurrence of peritonitis have different virulence factors or perhaps generate a biofilm that is less responsive to first-generation cephalosporins compared with glycopeptides or combinations of antibiotics. In addition, it is possible the bacterial organisms in recurrent peritonitis, although qualitatively sensitive to first-generation cephalosporins in culture, are quantitatively more resistant to first-generation cephalosporins than glycopeptides or other antibiotic regimens when considering minimum inhibitory concentration (MIC); however, data on minimum inhibitory concentration were not available for analysis in this study. In contrast, the duration of antibiotic therapy, which was 2 weeks in most episodes, in line with the clinical practice guidelines, did not affect the risk for relapse. In view of the fact that this is the first report in the literature to address specifically the antibiotic choice after empiric treatment and subsequent risk for relapse, these findings will have a major bearing on the formulation of revised clinical practice treatment guidelines.
Single-cuff catheters, systemic antibiotic prophylaxis, and downward-pointing exit sites were independently associated with an increased relapse risk. Whereas patient age seemed to increase the risk for relapse by univariate analysis, age was assigned a significant protective effect when correcting for the higher prevalence of downward-pointing exit sites in young infants by multivariate analysis. Hence, our data suggest that young children are at increased risk not only for peritonitis (11) but also for relapsing infections. It is possible that the immunologic immaturity of infants might contribute to their less efficient coping with PD-associated infections. Other factors that were not assessed by the IPPR, such as location of exit sites relative to gastrostomy sites and diaper areas, might also play a role in the increased risk for RP in younger patients and need to be addressed in future studies. Although we included a large number of variables in the multivariate regression analysis, because of the complicated nature of RP, we cannot exclude the possibility of residual confounding. There was a six-fold elevated adjusted relapse risk with single-cuff compared with double-cuff catheters. The observed increase of the relapse risk associated with downward-pointing exit sites is not readily explained and is surprising because previous studies reported a decreased risk for peritonitis with a downward-pointing exit-site configuration (12) (13) (14) . This is a finding that will require confirmation in future studies and will be monitored by the recently formed International Pediatric Peritoneal Dialysis Network.
A Cochrane review reported the lack of efficacy of oral antibiotic prophylaxis in preventing peritonitis (15) . In our analysis, the prophylactic administration of systemic antibiotics, which was frequently performed for reasons other than peritonitis prevention, was even associated with a significantly increased risk for RP.
Finally, our outcome analysis highlights the marked clinical relevance of RP. Relative to sporadic peritonitis episodes, relapsing infections were associated with a three-fold risk for incomplete functional recovery, mainly as a result of an increased incidence of postinfection ultrafiltration problems. As a result of these complications, 17% of RP cases led to permanent PD technique failure, a highly significant increase compared with isolated episodes (7%).
